In this study, rapid one step facile synthesis of silver nanoparticles (AgNPs) was done using culture supernatant of two Gram positive (B. thuringiensis and S. aureus) and Gram negative (E. coli and Salmonella typhimurium [STAgNP]) bacterial strains and were termed as "Bacillus thuringiensis," "Staphylococcus aureus," "Escherichia coli," and "STAgNP," respectively. Synthesized AgNPs were well characterized with the help of different standard techniques like FESEM, DLS, UV-Vis spectroscopy, and Fourier transform infrared. Mechanism of AgNPs synthesis was elucidated using in silico approach. In vivo cytotoxicity of synthesized AgNPs was assessed in embryonic Zebrafish model with the help of uptake, oxidative stress, and apoptosis induction experimental assays, and the mechanism was investigated through in silico approach at the molecular level. The result showed successful biosynthesis of 20-40 nm sized AgNPs stable with zeta potential of À 45 to À 35 mV having standard silver nanoparticles SPR peaks due to the interaction of reduced silver particles with amino acid residues of bapA proteins of the bacterial supernatant. In vivo cytotoxicity with embryonic Zebrafish was found to be dependent on biogenicity and concentration of biosynthesized AgNPs as consequence of oxidative stress induction and apoptosis due to the influential regulation of sod1 and tp53 genes clarified by pathway analysis with reference to experimental and computational results. The study suggested that cytotoxicity of biologically synthesized silver nanoparticles from bacteria depends on strain specificity with significant difference in use of Gram positive and Gram negative bacterial strains.
Silver nanoparticles (AgNPs) have acquired a lot of attention in research and industries because of its versatile properties and applications (Abou El-Nour et al., 2010) . Their different application includes their usage in many fields like engineering, textiles, paints, food industries, electronics, cosmetics, biosensors, and biomedical sciences (Tran et al., 2013; Wei et al., 2015) . Recognition of these particles for these numerous types of application is due to their peculiar physicochemical properties. Researchers have explored and are progressing toward different methods of silver nanoparticles synthesis with this huge demand. Till date, many routes have been explored like chemical route (Jana and Gearheart, 2001; Wiley et al., 2004) , physical route (Zhu et al., 2000) , and biological route (Thakkar et al., 2010) for their synthesis according to required properties. Chemical and physical route of synthesis has been implicated by industries for large scale production of commercial silver nanoparticles. These methods include use of harmful chemicals as stabilizing agents and to control the size and other physiochemical properties (Tran et al., 2013) . Though chemical synthesis and physical synthesis have been proved as beneficial methods but there are ecocompatibility issues due to usage of harmful chemicals and other factors in the methods. Moreover, there are limitation in purity and cost of production limitations in purity and cost of production that can be flabbergasted by biological route of synthesis (Sharma et al., 2009) .
Biological route of nanoparticle synthesis refers to use of biological biomolecules as reducing and stabilizing agent during synthesis process (Thakkar et al., 2010) . The biomolecules used for the purpose has been reported to derive from different sources like bacteria (Fayaz et al., 2010) and plant extracts (Song and Kim, 2009 ). Silver nanoparticles synthesized by these means have been emphasizing for their antibacterial uses. It is interesting to note the use of bacterial release for silver nanoparticles synthesis with the matter of fact that bacterial in-house product is used against them as a weapon. Literature have reported the use of different Gram positive and Gram negative bacterial strains culture for synthesis of silver and other metal nanoparticles (Fayaz et al., 2010) . However, the reported synthesis procedures are time-consuming and require specific conditions. In this viewpoint, demand for the the development of a rapid and facile protocol for biocompatible silver nanoparticles, synthesis is required. In this study, a rapid one step facile procedure has been reported with the help of bacterial culture supernatant. The protocol was found to be suitable in case of both Gram positive and Gram negative bacteria. Moreover, the synthesized silver nanoparticles can be claimed to have ann upper hand in respect of biocompatibility and eco-friendly as compared with commercially available silver nanoparticles.
It is important to investigate the biocompatibility and cytotoxicity of a nanoparticle before being considered as a biomedical beneficial product. Silver nanoparticles synthesized by different methods have been investigated for their cytotoxicity in different cell lines (Guo et al., 2016) and animal models (Kim et al., 2008; Samberg et al., 2010 ) by many nanotoxicologists. Previous studies have reported the in vitro cytotoxicity of silver nanoparticles (Gliga et al., 2014; Guo et al., 2016) highlighting the mechanism of cytotoxicity as consequence of reactive oxygen species (ROS) stress (Han et al., 2014) . Although in vitro studies of nanoparticles toxicity in mammalian cell lines has been considered as a standard way for risk prediction in human beings but these studies are unable to define the fate of particle in the whole body system. Use of Zebrafish and its embryo as a model for in vivo model have attracted researchers to overcome the limitation of traditional mammalian cell lines. In recent years, embryonic Zebrafish model has been established as a standard in vivo model for toxicity assessment of nanoparticles (Dai et al., 2014) due to their short life span, easy lab maintenance, transparency, and genetic similarity to human beings (Hill et al., 2005) . Studies have been done to assess the in vivo impact of silver nanoparticles synthesized by other methods in embryonic Zebrafish model to investigate their physiochemical properties based cytotoxicity (Hill et al., 2005) ; however, information about the mechanism of cytotoxicity at the molecular level is still lacking. With reference to those reports, embryonic Zebrafish model has been used in this study to evaluate the in vivo cytotoxicity of silver nanoparticles synthesized by our novel method. Moreover, the probable mechanism of the cytotoxicity has been discussed at the cellular level with the help of experimental and computational approaches.
MATERIALS AND METHODS
Microbial synthesis of silver nanoparticles. Silver nanoparticles were synthesized by novel one step rapid method using bacterial supernatant of two Gram positive (B. thuringiensis and S. aureus) and two Gram negative (E. coli and Salmonella typhimurium [STAgNP] ) bacterial strains (Figure 1 ). Culturing of bacterial strains was done in Luria Bertini (LB) broth at 35 C 6 2 C in an orbital shaker incubator (New Brunswick Scientific, USA) at 160 Â g. The supernatant of overnight cultures was extracted by centrifugation of culture at 10 000 Â g for 5 min. The absence of any live bacteria in the supernatant was confirmed by culturing bacterial supernatant on LB agar plate and determining their optical density (OD) in comparison to growth curve of bacterial strains for 12 h. The reaction mixture was setup by mixing 1 mM silver nitrate (AgNO 3 ) solution with each bacterial culture at a ratio of 1:2 exposed to UV light for 3-5 min. Collection of silver nanoparticles was done by centrifugation at 10 000 Â g for 10 min. The concentrated nanoparticles were resuspended in MQ water and lyophilized. Reaction mixture setup with no UV light exposure was taken as control to verify the role of UV light in synthesis procedure. For biological assays, the stock solution was prepared by suspending them in the corresponding medium. The solutions were characterized for their physiochemical properties by different methods. Silver nanoparticles synthesized were termed as Bacillus thuringiensis (BTAgNP), Escherichia coli (ECAgNP), Staphylococcus aureus (SAAgNP), and STAgNP as obtained from B. thuringiensis, E. coli, S. aureus, and S. typhimurium culture supernatants, respectively.
Physiochemical characterization of silver nanoparticles. Characterization of synthesized nanoparticles was done by standard techniques. The size was determined by FESEM (Zeiss, Model EVO 60) equipped with Oxford Inca energy dispersive xray spectrometer (EDS) and TEM (Carl Zeiss). Hydrodynamic size with zeta potential of synthesized silver nanoparticles in Aqueous and Holtfreter (HF) medium (Embryonic Zebrafish rearing medium) was determined by Dynamic light scattering using Zetasizer (Malvern, UK). Optical properties were determined by UV-Vis spectroscopy by measuring spectrum at a range of 300-800 nm in UV-Vis spectrophotometer (Cary 60, Agilent). Fourier transform infrared (FTIR) spectroscopy measurements of the nanoparticles were done in HF medium, and FTIR spectrum was recorded on Perkin Elmer FT-IR spectrometer RX-I instrument with ATR attachment. Measurements were carried out in the range of 400-4000 cm À1 at a resolution of 4 cm À1 .
Zebrafish maintenance and embryo culture. All experiments were performed in compliance with the relevant laws and institutional guidelines of Institutional Animal Ethics Committee (IAEC) of KIIT University. Zebrafish (Danio rerio) were maintained in overflow container and Zebrafish maintenance setup supplied by Aquaneering, USA. The setup is equilibrated with fish water (75 g NaHCO 3 , 18 g sea salt, and 8.4 g CaSO 4 per 1000 l). Fishes were fed thrice a day with fish food constitute of bloodworm. The photoperiod was maintained at a period of 12 h light and 12 h dark. To obtain embryos, male and female were placed in breeding setup box containing net partition in a ratio of 2:1 for overnight. Next morning, the partition was removed and the eggs were spawned after 2 h. Viable eggs were collected and rinsed with 3 times with HF medium. The eggs of 3-3.5 h postfertilization (hpf) at blastula stage were exposed to different synthesized silver nanoparticles for further toxicity assays.
All the chemicals used for preparing buffer were purchased from Sigma Aldrich.
In vivo cytotoxicity study in Zebrafish embryo and larvae model. All protocols were approved by relevant guidelines of IAEC of KIIT University. Toxicity study of Zebrafish embryo with synthesized silver nanoparticles was done by protocol defined by Schulte and Nagel (1994) . Twenty Zebrafish embryos were exposed to all four types of synthesized silver nanoparticles (ECAgNP, SAAgNP, STAgNP, and BTAgNP) in 24-wells plate at a concentration range of 10-500 mg/ml in HF medium for 72 h. The plate was kept at 28 C 6 1 C at photoperiod of 14/10 h light/dark. Untreated embryos and embryos exposed to bacterial supernatant were taken as control. Cytotoxicity of chlorine present in nanoparticles suspension was tested by exposing embryos to 8 and 100 ppm concentration in HF medium by a different set of experiment with similar parameters. Direct observation was made under microscope and images were taken to evaluate organ malfunctioning. Hatching rate was determined as the number of embryos hatched by 72 hpf as compared with untreated group. Mortality rate was expressed as the number of dead embryos after 72 hpf as compared with untreated group. Heart rate was calculated for each group by counting. All the experiments were performed in triplicates and repeated thrice.
Analysis of nanoparticles uptake and intracellular ROS in Zebrafish embryos. Determination of the mechanism of cytotoxicity possessed by silver nanoparticles in Zebrafish embryos was done by uptake analysis of nanoparticles and intracellular ROS determination with the help of flow cytometry. In total, 48 and 72 h treated Zebrafish embryos were sacrificed and their single cell suspension was prepared by mild sonication (Asharani et al., 2008) . The single cell suspension was treated with 1.25 mg/l 2, 7-dichlorodihydrofluorescein diacetate (H 2 DCFDA) dye for 20 min in dark and then washed with 1Â phosphate buffer solution. The cells were subsequently analyzed by flow cytometry using Attune acoustic focusing cytometer (Applied Biosystems, Life technologies) equipped with 488 nm argon laser. The data were analyzed in facsxpress 5 (Denovo, California) and presented as histogram. For uptake analysis, mean side scatter was measured to check granularity change in nanoparticles treated embryo cells compared with untreated as described in previous literatures (Prasad et al., 2013; Zucker and Daniel, 2012) . To measure intracellular ROS, the fluorescent intensity of DCFDA was observed in treated and untreated cells in the BL1 filter of the cytometer. All the experiments were performed in triplicates and significance was calculated using Graph pad prism6.
Acridine orange staining for apoptosis analysis. Apoptosis analysis in Zebrafish embryos was done with the help of experimental protocol for Acridine orange (AO) staining described by Tucker and Lardelli (2007) . In brief, untreated and treated Zebrafish embryos were washed 2 times with HF buffer after treatment and exposed to 5 mg/ml AO dissolved in HF for 20 min. Embryos were washed with HF buffer twice after staining to remove extra stains, and images were taken in green channel of EVOS inverted fluorescent microscope (ThermoScientific, USA) to compare the apoptosis occurred in Zebrafish embryos due to exposure of synthesized silver nanoparticles at 50 and 250 mg/ml.
In silico analysis of cytotoxicity mechanism. In silico approach was taken to understand the mechanism of AgNP synthesis and their cytotoxicity with Zebrafish on molecular level. Molecular docking studies were used to determine the interaction of ligand and protein. Preferred binding orientations of ligand typhimurium (3824 residues) and Biofilm-associated surface protein (bap) of S. aureus (2276 residues) receptor proteins. The structure derivation of proteins and the parameters set for molecular docking was done as described in the Supplementary Information. For elucidation of cytotoxicity mechanism, molecular docking of Ag ligand was performed with he1a, sod1, and tp53 proteins. Due to unavailability of 3D structures of sod1 from D. rerio (Zebrafish) (Brachydanio rerio) (UniProt ID: O73872) (Wasmuth and Lima, 2017) and he1a from D. rerio (Zebrafish) (B. rerio) (UniProt ID: Q1LW00), the 3D structure of sod1 was modeled using Swiss Model server (Schwede et al., 2003) and ModBase (Pieper et al., 2014) , respectively. The 3D structure for tp53 was retrieved from Protein Data Bank (PDB-ID-4CZ6) (Joerger et al., 2014) . Further, the structure was validated using Ramachandran plot from RAMPAGE (Lovell et al., 2003) online tool. The structure of Ag was drawn using Chimera (Pettersen et al., 2004) and its geometry was optimized using Gaussian 03 program. The receptor proteins were subjected for energy minimization using Chimera program. The parameters for Ag have been set for Autodock 4.2. Grid dimensions were set to 40 Â 40 Â 40 with a spacing of 1 Å . Lamarckian genetic algorithms was used for grid dimensions, and the Genetic algorithm was used for docking runs using population size of 150 with a maximum number of evaluations set to 2 500 000 and maximal generations.
The postdocking analysis was performed using Autodock 4.2 analyzing tools using conformations and clustering's and visualized using Chimera. The pathway for tp53 and sod1 was retrieved from STRING (Jensen et al., 2009 ) database and validated using Cytoscape (Shannon et al., 2003) software.
Statistical analyses. Statistical analyses were performed using GraphPad Prism v6.01 (San Diego, California). Data were analyzed by 2-way ANOVA with significance set at P < .05. Differences between groups were analyzed by Turkey test for multiple comparisons.
RESULTS AND DISCUSSION
Synthesis and Physiochemical Characterization of Silver Nanoparticles Rapid facile biosynthesis of silver nanoparticles was done using supernatant of the overnight bacterial culture of two Gram Figure 1D) revealing the rapid and enhanced reduction of silver nitrate in presence of UV radiation. As shown in Supplementary Figures 2A-H , the absence of bacterial colony was observed in agar plates spread with culture supernatant as compared with the positive control plates spread with 25 ml of overnight culture. Moreover, the OD of bacterial supernatant was not found to be increased in growth conditions (Supplementary Figure 2I) as compared with normal growth of bacterial strains (Supplementary Figure 2J) . The observations lead to the conclusion that biomolecules released by bacteria in supernatant stabilized the silver nanoparticles in synthesis process (Reddy et al., 2010) . The synthesis was affirmed by change in color of solution (supernatant with one mMAgNO 3 and UV exposure) to yellow and deep yellow color. Physiochemical characterization was performed by standard techniques. FESEM determined the size of the nanoparticles. The presence of silver was confirmed by EDS. The average size of ECAgNP, SAAgNP, STAgNP, and BTAgNP were found to be 22.6 6 5.2 nm, 21.2 6 4.8 nm, 23.3 6 6.8 nm, and 29.3 6 5.2 nm as determined by FESEM (Figure 2) . Energy dispersive x-ray spectrometer analysis confirmed the presence of silver nanoparticles with 7%-10% of chlorine in each sample which may be due to the presence of sodium chloride of culture media (LB broth). TEM analysis validated the size of nanoparticles obtained from FESEM ( Figure 2 ). Optical properties of synthesized silver nanoparticles (ECAgNP, SAAgNP, STAgNP, and BTAgNP) were determined by UV-Vis spectroscopy. UV-Vis spectroscopy is the widely known technique of characterizing a nanoparticle by quantifying the light absorption phenomenon. As shown in Figure 3A , surface plasmon resonance (SPR) peak in the absorption spectrum of all four nanoparticles was found at 400-420 nm. Previous reports have attributed SPR peak of 400-450 nm to the silver nanoparticles (Mogensen and Kneipp, 2014) . The presence of these peaks in spectra of all four nanoparticles confirmed the presence of silver nanoparticle. The size and zeta potential were determined with the help of dynamic light scattering. The hydrodynamic diameter of ECAgNP and SAAgNP was found to be 139.2 6 21.0 and 109.1 6 34.0 nm while it was 73.6 6 32.0 and 86.8 6 32.0 nm in the case of STAgNP and BTAgNP in aqueous medium ( Figure 3B , Table 1 ). Hydrodynamic diameter in HF medium was found to be increased in comparison to the aqueous medium. The difference in diameter of the nanoparticles as determined by FESEM and DLS can be reasoned to the presence of water molecules around the particles in aqueous solution (Jiang et al., 2009) . The hydrodynamic diameter varied in HF medium used for in vivo experiments (Table 1) . Zeta potential of silver nanoparticles was measured in different mediums to measure the degree of repulsion among the particles in medium (Xu, 2008) . As shown in Figure 3C , STAgNP and SAAgNP showed lesser zeta potential of À42.8 6 3.2 mV and À38.3 6 4.3 mV in comparison to À22.3 6 6.3 mV and À36.1 6 4.1 mV of ECAgNP and BTAgNP, respectively, in aqueous medium. The trend was followed in the HF medium (Table 1) which can be correlated to hydrodynamic size determination of the particles. Thus, results indicated the dispersed suspension of silver nanoparticles in all the types of medium; however, the variation of values in different medium can be attributed to the interaction of nanoparticles with different types of molecules present in them.
Fourier transform infrared spectra of biosynthesized silver nanoparticles are shown in Figure 3D . was also found which may be due to the presence of amides.
The small peak at 530-542 cm À1 may be due to the leaching of organic compounds present the supernatant of bacterial cultures (Binupriya et al., 2010; Pimprikar et al., 2009) . With reference to the observed data, the formation of well-characterized silver nanoparticles can be confirmed. The probable mechanism of silver nanoparticle synthesis was further explored using in silico approach. Molecular docking was performed using "Ag" as ligand and "Bap1" protein of Gram negative (S. typhimurium) and Gram positive (S. aureus) bacterial stain. Bap1 protein is known as biofilm proteins released by bacteria in their matrix during their growth (Fong and Yidiz, 2015) . Supplementary Figure 3A shows the structure of Bap1 proteins of S. typhimurium with receptor cavity for metal ligands. As shown in Supplementary Figures 3B-D , reduced silver ion from silver nitrate was predicted to interact with glutamic acid, leucine, proline, and tyrosine at different receptor cavity in Gram negative matrix biofilm protein. Supplementary Figure 4 shows interaction of amino acid residues of Bap1 protein of Gram positive bacterial matrix. Glycine, proline, isoleucine, phenylalanine, and aspartic acid were found to play their role in interaction with Gram positive bacterial matrix protein. Though in both cases, the interaction was through the hydrophobic bond, the role of polar amino acid acids residues was significant in Gram negative proteins. With reference to these results, it can be speculated that the synthesis of silver nanoparticles from the bacterial supernatant was influenced by the biogenicity, structural as well as functional aspects of bacterial strains. In reaction setup, silver nitrate salt was getting reduced to silver and nitrate radicals in presence of reducing agents. Silver atoms were further capped by interaction with matrix protein amino acids for stabilization. Hence the physiochemical nature of synthesized silver nanoparticles was varying due to variation in matrix proteins amino acid residues of Gram positive and Gram negative bacterial stains. The reaction can be represented as:
In Vivo Cytotoxicity of AgNP With Embryonic Zebrafish Assessment of cytotoxicity of synthesized silver nanoparticles was done with embryonic Zebrafish as in vivo model. In recent times, Zebrafish has been known to be one of the most popular in vivo models for toxicity assessment because of their short lifecycle, transparency, cost effectiveness, and genetic similarities with human (Dai et al., 2014; Hill et al., 2005) . In this study, in vivo cytotoxicity of biogenic silver nanoparticles were Figure 5 . Illustration of hatching enzyme he1a interaction with AgNP showing active site and interactive residues. The structure of he1a was modeled using Swiss
Model server and ModBase. Active site visualization was done using Chimera. The 2D plot of interaction was derived using Ligplot þ .
assessed in embryonic Zebrafish exposed for 24 h. Hatching and mortality rate was assessed with 24 h hpf embryos exposed to different concentration of ECAgNP, SAAgNP, STAgNP, and BTAgNP for 72 h in HF medium. Heartbeat rate was also determined to estimate the physiological abnormalities due to exposure of biogenic silver nanoparticles. As shown in Figure 4A , the mortality rate was found to be dependent on concentration and biogenicity of the silver nanoparticles. Calculated LC50 was 154, 142, 124, and 185 mg/ml for ECAgNP, SAAgNP, STAgNP, and BTAgNP, respectively. Hatching rate was found to be delayed with increase in concentration ( Figure 4B ). ECAgNP was most prone for inducing hatching delay followed by SAAgNP, STAgNP, and BTAgNP, respectively. Heart rate was decreased with increase in the concentration of nanoparticles ( Figure 4C ). ECAgNP possessed most acute effect followed by STAgNP, SAAgNP, and BTAgNP. All nanoparticles were inducing severe effect above 200 mg/ml. Energy dispersive x-ray spectrometer analysis showed 7%-10% of chlorine in each nanoparticle solution. Cytotoxicity of this chlorine was checked by treatment of embryos were treated with 8, 16, 25, 50, and 100 ppm of chlorine in HF medium for 72 h. As shown in Supplementary Figure 5 , 8 ppm chlorine was not found to influence normal hatching rate and mortality rate in embryos; however, at higher concentration (100 ppm), high mortality rate, and less hatching rate were observed.
Morphological analysis of embryos exposed to 8 ppm showed no significant difference as compared with untreated embryos while 100 ppm chlorine was found to induce death (Supplementary Figure 6) .
To explore the molecular mechanistic effect of silver nanoparticles on hatching, in silico approach was taken. Zebrafish (D. rerio) has been reported to have hatching enzyme he1a responsible for embryo hatching (Ong et al., 2014) . During fertilization, polymerization of two glycoprotein subunits leads to hardening of chorion which is digested by releasing he1a with broad substrate specificity at the time of hatching (Ong et al., 2014) . Silver nanoparticles synthesized in this study shown concentration and biogenicity dependent effect on embryos hatching. The 3D structure of he1a prepared by ModBase was validated through Ramachandran plot analysis. he1a proteins confer 98% in the favored region as shown in Supplementary  Figure 7 . Molecular docking analysis using Autodock 4.2 showed hydrophobic interaction of silver nanoparticles with active sites present at the a-helix region of he1a ( Figure 5 ). Ligplot þ presentation showed the interaction of silver nanoparticles with Arginine (Arg), Tryptophan (Trp), Phenylalanine (Phe), Glycine (Gly), Cysteine (Cys), and leucine (Leu) amino acid residues ( Figure 5 ). It can be argued that activity of he1a enzyme is influenced by the variation of biogenicity of silver nanoparticles. Because amino acid residues present at the surface of synthesized silver nanoparticles during their preparation vary with the bacterial strain matrix protein hence the interaction with he1a amino residues also get affected. Moreover, the variation in concentration also affected the activity of enzyme leading to hatching delay. Further, to analyze the phenotypic defects due to biogenic AgNP exposure, the morphology of 12, 24, and 72 hpf embryonic Zebrafish was observed. As shown in Figure 6 , AgNP were found at the surface of embryos after treatment. The untreated embryos appeared normal throughout the experiment. Embryos exposed to the supernatant of E. coli, S. aureus, S. typhimurium, and B. thuringiensis cultures also showed no significant change in morphology (Supplementary Figure 8) . At 12 and 24 hpf malfunctioning of notochord development was found with abnormalities in yolk with increase acuteness at higher concentration. At higher concentration of each nanoparticle, pericardial edema with swelled gastrointestinal lumen was observed in 72 hpf embryos with severe effects. Interestingly the acuteness varied with the biogenicity of the AgNP. ECAgNP and STAgNP were inducing more significant phenotypic abnormalities in comparison to SAAgNP and BTAgNP. Further, to explore the mechanism of cytotoxicity, the experimental analysis was done for uptake of ECAgNP, SAAgNP, STAgNP, and BTAgNP and alteration in physiological processes by embryonic Zebrafish was determined using flow cytometry. As shown in Figure 7 and Supplementary Figure 9 , biogenicity and concentration dependent side scatter change in AgNPtreated embryonic cell suspension compared with untreated cells was found depicting the change in the granularity of cells due to variation in uptake of respective nanoparticles (Zucker et al., 2010) . Interestingly, uptake of STAgNP was found highest followed by ECAgNP, BTAgNP, and SAAgNP, respectively. Cellular cytotoxicity of ECAgNP, SAAgNP, STAgNP, and BTAgNP was further tested for the occurrence of apoptosis in 72 hpf Zebrafish embryos at a concentration of 50 and 250 mg/ml by AO staining. As observed in Figure 8 , untreated embryos showed low fluorescence of AO in head and tail region. The high fluorescent intensity of AO at the abdominal region with bright green spots at head and tail region was observed which was intensively increasing at 250 mg/ml exposure in each nanoparticles exposure. Supporting to other results, the intensity of fluorescence was dependent on biogenicity of the silver nanoparticles. ECAgNP and STAgNP exposed embryos were showing higher fluorescence and number of green bright spots both in head and tail region. Further, to get a deep insight of these findings, computational approach was taken for a better understanding of mechanism at molecular level. Zebrafish p53 has been reported to play a key role in apoptosis during embryonic stages (Storer and Zon, 2010) . It has been recognized as a key mediator of apoptosis regulation in response to myriads of stimuli (Langheinrich et al., 2002) . To understand the interaction of synthesized AgNP with p53, first, the 3D structure of tp53 was retrieved from Protein Data Bank (PDB-ID-4CZ6) and was validated using Ramachandran plot from RAMPAGE as shown in (Supplementary Figure 10) . Molecular docking analysis of tp53 with silver nanoparticles predicted the interaction of silver nanoparticles with active sites present at a-helix region of tp53 (Figure 9 ).The interaction was found with Leucine (Leu), Tyrosine (Tyr), and valine (Val) amino acid residues through hydrophobic interaction. These molecular interactions can be attributed to influential apoptosis in Zebrafish due to biogenic silver nanoparticles exposure. Biogenicity of synthesized silver nanoparticles from Gram positive and Gram negative supernatant were varying due to the presence of varying amino acid present at the surface of nanoparticle during their synthesis. These amino acid residues interact with tp53 amino acids to affect the activity of their active site leading to variation in the intensity of apoptosis in embryonic Zebrafish. Enhanced concentration dependent apoptotic effect can also be reasoned as a consequence of increased hydrophobic interaction due to increase in the number of AgNP nanoparticles at active sites.
Further, in quest of the reason behind biogenicity and concentration dependent variation of apoptosis in synthesized silver nanoparticle exposed Zebrafish embryos, oxidative stress analysis was done using experimental assays. Oxidative stress was measured in single cell suspension of treated Zebrafish embryos with the help of DCFDA dye using flow cytometry. 2, 7-dichlorodihydrofluorescein diacetate is a permanent ROS marker which binds with ROS to fluoresce green (Eruslanov and Kusmartsev, 2010) . Figure 10 showed an increase in DCFDA fluorescence intensity depicting increased ROS production with increase in the concentration of ECAgNP, SAAgNP, STAgNP, and BTAgNP. Though variation of ROS intensity was dependent on biogenicity of AgNP surprisingly BTAgNP showed the highest increase in ROS at 250 mg/ml. Mechanistic exploration of this phenomenon was revealed by in silico analysis using molecular docking approach. Superoxide dismutase enzyme (sod1) has been reported to play a key role in oxidative stress regulation (Du et al., 2017) . It has been reported to reflect regulatory variation against different types of stimuli. Hence, Sod1 was chosen for molecular docking with silver nanoparticles. Supplementary Figure 11 shows the structure of Sod1 with Ramachandra plot validation. As shown in Figure 11 , AgNP was predicted to have interaction with Sod1 active sites amino residues through hydrophobic interaction. The interaction was found with Histidine (His), Phenylalanine (Phe), and Valine (Val). This hydrophobic interaction can be accredited to amino acid residues present at the surface of AgNP synthesized from supernatant proteins of bacterial culture. Hence, the interaction intensity varied due to variation in supernatant proteins in Gram positive and Gram negative bacterial cultures. Increase in hydrophobicity at high concentration can also be reasoned for concentration dependent enhancement of oxidative stress.
These results suggested the concentration and biogenicity dependent in vivo toxicity of biogenic silver nanoparticles synthesized from bacterial supernatant. It can be speculated that along with the attachment at the surface of embryonic Zebrafish, there would have been the internalization of AgNP inside the system through chorion pores in embryos and skin in hatched embryos. Similar results have been reported by Mosselhy et al. (2016) and Asharani et al. (2008) . Cellular deposition of nanoparticles on the surface can be attributed to their interaction with hatching enzyme and lower down their activity. Interaction of internalized nanoparticles with blood cells can be reasoned for heartbeat rate delay due to blockage in the circulatory system (Khandoga et al., 2004) . Similar results have been reported by ZnO and gold nanoparticles by Xia et al. (2011) and Zhu et al. (2009) . Exertion of stress like ROS generation (Xiong et al., 2011) , apoptosis (Asharani et al., 2008; Chan and Cheng, 2003) , DNA damage (Du et al., 2016) , and proliferation delay (Pernodet et al., 2006) can be speculated as an outcome of the molecular interaction of internalization nanoparticles with corresponding proteins. The speculation was well supported and validated by experimental assays and in silico analysis. These findings pointed toward the relationship between the interaction of AgNPs with ROS and apoptosis. The pathway of this relationship was depicted through computational analysis from STRING database. The functional protein association network between sod1 and tp53 was derived and subjected to analysis using Cytoscape software as shown in Supplementary Table 1. The protein association network depicted the interaction between sod1 and tp53 protein via sod2 protein. Enzymes sod1 and sod2 interaction were determined through experimental analysis, database annotated and automated text mining which showed the value of 0.952, 0.925 and 0.927, respectively, representing an overall score of 0.999 illustrated to be strongly interactive. In a similar way, sod2 played an intermediate interaction between sod1 and tp53 in which sod2 interacted with tp53 having a value of 0.816 as determined through automated text mining approach. Through Cytoscape, the network was analyzed and presented with combined score values as shown in Figure 12 .
In vivo cytotoxicity of biogenic and abiogenic silver nanoparticles in Zebrafish embryos have been demonstrated by many groups. Results in this study were in line with them; however, the interesting fact that came out is the dependence of cytotoxicity on biogenicity of AgNPs. However, the role of Ag þ ions described by previous reports (Mosselhy et al., 2016 ) cannot be ignored for cytotoxicity and need to be investigated further in the context of biogenic silver nanoparticles. Findings of this study revealed that the in vivo cytotoxicity was depending on the bacterial culture supernatant source from which the AgNPs were synthesized. It can be proclaimed from the findings that cytotoxicity of AgNP synthesized from Gram positive and Gram negative bacteria in embryonic Zebrafish vary on their exposed concentration and type of bacterial strain. The announced fact can be attributed to the structural and physiological differences in Gram positive and Gram negative bacterial strains which have been reported by many microbiologists (Costerton et al., 1974; Mitchell and Moyle, 1954) . With reference to experimental assays and computational analysis, mechanism of in vivo cytotoxicity in Zebrafish by synthesized AgNPs can be described as the effect of their accumulation and internalization in embryonic Zebrafish leading to regulatory changes in sod1 eliciting oxidative stress. Sod1 further affects tp53 through a complex network of genes having sod2 as key intermediate role stimulating apoptosis. These cellular apoptotic effects and oxidative stress further lead to organ malfunctioning and deformation. AgNPs also affect the hatching period as a consequence of their influence on regulation of he1a gene. However the relationship between he1a regulation with sod1 and tp53 was not clear and needs further molecular investigations.
CONCLUSION
In summary, successful well-characterized facile synthesis of biogenic AgNPs were done from the culture supernatant of two Gram positive (S. aureus and B. thuringiensis) and two Gram negative (E. coli and S. typhimurium) bacteria termed as SAAgNP, BTAgNP, ECAgNP, and STAgNP, respectively, in this study. Difference in their in vivo cytotoxicity was investigated with Zebrafish embryo. Cytotoxicity assessment proclaimed the biogenicity and concentration dependent in vitro cytotoxic effects in embryonic Zebrafish. Cytotoxicity of bacterial supernatant Figure 9 . Illustration of hatching enzyme tp53 interaction with AgNP showing active site and interactive residues. The structure of tp53 was modeled using Swiss Model server and ModBase. Active site visualization was done using Chimera. The 2D plot of interaction was derived using Ligplot þ .
originated AgNPs were proclaimed on the type of bacterial strains use for synthesis with induction of phenotypic defects and altered physiological functions like oxidative stress and apoptosis. Mechanism of cytotoxicity was discussed through experimental and computational analysis. The overall study brought the conclusion that the biological effects of silver nanoparticles synthesized from different bacterial culture supernatant depend on their biogenicity, concentration, and exposure time. It can be believed that the variation in utilized stabilizing biomolecule for AgNP synthesis present in the supernatant of bacterial culture with variation in bacterial culture strain determines the physiochemical properties, antibacterial activity, and cytotoxicity of the silver nanoparticles. The molecular level investigation of this fact needs to be investigated especially in the context of proteomics. Moreover, the mechanism underlying pathological outcome of the biogenic AgNPs at molecular level especially alteration in specific proteins and enzymes E, bar graph presenting mean fluorescence intensity. All the measurements were taken in triplicate and the values were presented as mean 6 SD of 3 independent experiments. *P < .05 denotes significant change from untreated embryos. Number of * presents the degree of significance. Figure 11 . Illustration of sod1 interaction with AgNP showing active site and interactive residues. The structure of Sod1 was modeled using Swiss Model server and ModBase. Active site visualization was done using Chimera. The 2D plot of interaction was derived using Ligplot þ . Figure 12 . Biological network pathway of Zebrafish sod1 and tp53 proteins interacting with biosynthesized AgNP. The network was derived using STITCH and STRING analysis and reconstructed using Cytoscape.
responsible for different physiological processes was understood. With the help of study reported here, future works can be directed toward studying the difference in the role of Ag þ ion release by biogenic AgNPs and their in vitro and in vivo biological consequences. This study pointed out the need of a right selection of green biogenic materials and methodology for silver nanoparticles synthesis for different purpose keeping a view on the environment and human health.
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